A recent study showed that attentional blink (AB), which has been considered to reflect the capacity limitation of visual temporal attention, can be attenuated after a short period of the color-salient training, in which the second target (T2) within the AB period is given a salient color (Choi et al., 2012) . The current study explored whether the effect of the color-salient training could be transferred to another phenomenon. In addition to AB, repetition blindness (RB) was employed, which is phenomenologically similar to, but fundamentally different from AB. After completion of the color-salient training with a nonrepeated T2 (corresponding to AB), RB was still observed, whereas AB was completely removed. However, the colorsalient training with a repeated T2 (similar to RB) induced not only a significant reduction of RB but also an attenuation of AB. This result provides further evidence for dissociation between AB and RB. In addition, it implies that the color-salient training improves the attentional control mechanism related to target-distractor discrimination rather than to the perceptual system.
Introduction
Although human mental ability seems infinite, the actual information-processing capacity of the human mind is limited in many aspects. We can only hold the visual information of fewer than four items in the visual working memory (Cowan, 2001; Luck & Vogel, 1997) , and we find it difficult to conduct two (relatively) simple tasks in succession, especially when the second task is given after a very brief interval (psychological refractory period; Pashler, 1994) .
One piece of good news, however, is that we can sometimes overcome this limitation with appropriate training. In our previous study, we showed that a deficit in temporal attention can be removed through specific types of attentional training (Choi et al., 2012) . Identification of a second visual target (T2) is impaired in a rapid serial visual presentation (RSVP) when it is presented within half a second after the appearance of the first target (T1; Raymond, Shapiro, & Arnell, 1992) . This deficit in identifying T2, called attentional blink (AB), has been considered too robust to be removed even after repetitive practice (Braun, 1998; Maki & Padmanabhan, 1994; Taatgen et al., 2009 ). However, AB can be entirely eliminated through only one day of a specific type of attentional training called ''color-salient training'', during which T2 presented within the AB period is always made salient by displaying it in a color (red) different from the other items, including T1 and distractors, both of which are white.
An interesting quality of this learning effect on AB is its generalization (Choi et al., 2012) . Many aspects of the color-salient training were highly restrictive. Targets were always presented at a fixed serial position (i.e., T1 was always the second item in RSVP, and T2 was the fourth), a fixed stimulus onset asynchrony (SOA; i.e., T2 always followed 200 ms after T1), and a fixed lag (i.e., T2 was always at Lag 2: the second item after T1, with an intervening distractor). However, the learning effect was not specific to this trained condition; at untrained SOA, AB was successfully removed, and even T1 performance when T2 was at Lag 1 significantly increased. 1 From the generalization of the color-salient training, we developed our subsequent research question: Can this training effect on AB be transferred to another untrained task that is highly similar to AB (and vice versa)? Repetition blindness (RB; Kanwisher, 1987) also refers to impairment in identification of T2 with a short SOA http://dx.doi.org/10.1016/j.visres.2014.02.011 0042-6989/Ó 2014 Elsevier Ltd. All rights reserved.
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j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / v i s r e s in RSVP. The only difference between RB and AB is that, in RB, T2 is identical to T1. Despite its similarity to AB in terms of our perception, numerous previous studies have suggested that RB's mechanism is different from that of AB. For example, Chun (1997) demonstrated that AB and RB have different time courses (AB is most severe when SOA is 200-300 ms, whereas RB is maximal when T2 is temporally adjacent to T1) and that they occur independently (RB occurs without AB, and vice versa). These results suggest that AB results from a failure to encode T2 information into the working memory, whereas RB occurs due to a failure to individuate T1 and T2 as distinct items.
In the current study, we explored the task specificity of the color-salient training. In Experiment 1, during the color-salient training, the red T2 was not identical to T1, as is the case for AB. We tested whether the training could eliminate not only AB but also RB. In Experiment 2, AB and RB were measured before and after the color-salient training with T2 identical to T1, as is the case for RB.
Experiment 1: Can training with AB attenuate RB?
We first explored whether the color-salient training with AB could attenuate not only AB but also RB. During training, T2 was always presented at Lag 2 (within the AB period) in a salient color (red). Because T2 was different from T1, the employed condition corresponded to AB. To measure the learning effect induced by the color-salient training, both AB and RB were measured before (pre-test) and after (post-test) the training, with a normal RSVP task in which a color-salient T2 was not employed.
Method

Participants
Twelve university students from the Boston area participated in this experiment in exchange for monetary compensation. All the participants had normal or corrected-to-normal visual acuity and normal color vision. All of the participants were naïve to the purpose of the study and signed a consent form approved by the Internal Review Board of Boston University.
Apparatus
The experiment was constructed using the Psychophysics Toolbox (Brainard, 1997; Pelli, 1997) for MATLAB (MathWorks, Natick, MA) on a Mac G5 computer. All displays were presented on a 19-in. CRT monitor with a resolution of 1280 Â 1024 pixels and a refresh rate of 85 Hz. Participants were positioned approximately 56 cm from the monitor so that the display subtended a visual angle of 36°by 27°. A chin rest was used to maintain the participants' head positions. The experiment was conducted in a darkened room.
Stimulus
On each trial, RSVP with ten items was displayed. As the items, we employed eight single digits (excluding 0 and 1, to avoid confusion), and 22 upper-and lowercase letters (excluding B, I, O, and Q). Participants were asked to identify digits in RSVP so that digits were targets and letters were distractors. The items were randomly generated, and no letter was shown twice in one trial. The sequence of items was presented within a white circular frame, 1.4°in diameter, at the center of the screen. Each item was presented for 100 ms and presented within a visual angle of 0.4°by 0.6°.
Procedures
The experiment consisted of one pre-test session, two training sessions, and one post-test session (see Fig. 1a) , taking place over 4 days at a rate of one session per day. The participants were not allowed to suspend sessions for longer than 2 successive days.
During all sessions, the participants were asked to identify all digits in RSVP. The participants were informed that there would be one or two digits and that, sometimes, two digits could be identical. The experiment was self-paced. The participants began each trial by pressing any key on the computer keyboard. After participants viewed an empty circular frame that lasted for 200 ms in the center of the screen, the RSVP appeared within the circle. When the RSVP disappeared, the participants reported the one or two digits they had observed using a number pad on the computer keyboard.
2.1.4.1. Pre-and post-test. To measure the learning effect of the color-salient training, identical tests were conducted before (pre-test) and after (post-test) two days of the training. Crucially, none of the targets appeared in red in the pre-and the post-test.
To measure RB, we employed two types of SOA. In the short-SOA condition, T2 was always presented at Lag 2 (the second serial position after T1, with a single intervening distractor), which corresponded to 200 ms SOA, while T2 was at Lag 6 (600 ms SOA) in the long-SOA condition (see Fig. 1b ). Because neither AB nor RB occurs for T2 with SOA longer than 500 ms, a comparison between the short-and long-SOA conditions is expected to show a deficit in T2 identification.
In addition to RB, AB was measured to check whether the colorsalient training worked successfully. Whereas T2 was always identical to T1 in the repetition condition (for measuring RB), T2 differed from T1 in the nonrepetition condition (for measuring AB).
As catch trials, the single-target condition was also employed. Here, only one digit was presented, and the trials in this condition were not included in our formal analyses and results. There were 40 trials per condition, and all trials were presented in an interleaved manner.
Training (the color-salient training)
. In all trials of training, two targets were presented, with T1 at serial position 2 and T2 at serial position 4 (thus, Lag 2). T2 differed from T1 (which corresponded to AB) and was consistently made salient by displaying it in red; meanwhile, all of the other items, including T1, were displayed in white (Fig. 1c ). There were 720 trials per day.
Results
Accuracy of performance (T2|T1)
The conditional percentages for correctly identifying T2 given the correct identification of T1 (T2|T1) SOA and repetition (F(1, 11) = 68.170, p < .001, g 2 p = .86), although the interaction between training and repetition was not significant (F(1, 11) = .187, p = .674, g 2 p = .02). Most interestingly, the interaction among all three factors was significant (F(1, 11) = 4.889, p = .049, g 2 p = .31), indicating that the color-salient training with a nonrepeated T2 evoked different learning effects on AB and RB tasks.
As in a previous study (Choi et al., 2012) , AB was absolutely attenuated after training. In the nonrepetition condition where T2 was not identical to T1, AB was observed before training. T2 at a short SOA (67.3%) was not as readily identified as T2 at a long SOA (89.7%; t(11) = 3.815, p = .003, d = 1.66). However, this difference disappeared after the training (87.4% with a short SOA and 84.4% with a long SOA; t(11) = 0.539, p = .599, d = .22).
In contrast, even after the training, RB was still observed. When T2 was identical to T1 (the repetition condition), significant differences in performance between the SOAs were observed both in the pre-test (14.91% in the short-SOA condition and 70.27% in the long-SOA condition; t(11) = 9.713, p < .001, d = 3.83) and in the post-test (24.53% in the short-SOA condition and 72.96% in the long-SOA condition; t(11) = 6.149, p < .001, d = 2.08). Although the performance for the short-SOA condition in the post-test was better than in the pre-test, the difference was not significant (t(11) = 1.786, p = .101, d = .72). This result demonstrates that the color-salient training with a nonrepeated T2 does not attenuate RB.
Frequency of T2 report
If the color-salient training improves the attentional control mechanism that is responsible for both target selection and distractor neglect (Choi et al., 2012) , the training may also alert the appearance itself of a repeated T2, regardless of whether it can be successfully identified. We checked changes in how many times the participants reported T2 in the repetition condition after the color-salient training.
The conditional percentage of the frequency at which participants reported T2 when T1 was successfully identified (T2|T1) is given in Table 1 . A two-way repeated measures ANOVA (with SOA and training) revealed that all effects were significant: a main effect of SOA (F(1, 11) = 83.634, p < .001, g 2 p = .88), a main effect of training (F(1, 11) = 5.586, p = .038, g 2 p = .34), and an interaction (F(1, 11) = 5.672, p = .036, g 2 p = .34). When a repeated T2 was presented with a short SOA, participants reported T2 more frequently after training, although those reports were not always correct (27.90% before training versus 49.80% after training; t(11) = 2.925, p = .013, d = 1.24).
Discussion
The results of Experiment 1 show that the color-salient training with a nonrepeated T2 does not attenuate the deficit in identifying a repeated T2 in RSVP, RB. Although the color-salient training is nonspecific to the trained condition in the seminal study (Choi et al., 2012) , its learning effect does not transfer to another task, RB.
The primary reason for failure in attenuating RB in the current experiment could be the difference in the underlying mechanisms between AB and RB. Although RB is very similar to AB phenomenologically, various studies have suggested that RB is based on a In the short-SOA condition (left), T2 was presented at Lag 2 (200 ms SOA), while T2 was at Lag 6 (600 ms SOA). When RB was measured, T2 was identical to T1 (the repetition condition), and T2 differed from T1 for measuring AB (the nonrepetition condition). (c) Depiction of RSVP of the color-salient training. The procedure is identical to that of the short-SOA condition with a nonrepeated T2. T2 was always at Lag 2 and was made salient by coloring it red. Chun (1997) suggested that AB is related to the difficulty of the targetdistractor discriminality of visual types, whereas RB represents an additional failure to individuate two separate visual tokens for two repeated events. Thus, the color-salient training with a nonrepeated target would increase the ability to discriminate targets and distractors, but it would not affect the ability to discriminate two identical targets as two separate targets. This hypothesis is consistent with our observation that participants reported T2 more frequently after training, although the report was not always correct. The previous study of the color-salient training (Choi et al., 2012) suggested that the training with a nonrepeated T2 improved the attentional control mechanism responsible for both target selection and distractor neglect. This finding suggests that the training helps participants notice the existence of T2 alone, although it does not help participants discriminate T2 from T1 as a distinct entity.
Experiment 2: Can training with RB attenuate AB?
Experiment 1 explored whether the color-salient training with a nonrepeated T2 (corresponding to AB) can attenuate RB. Next, we explored what happens in the reverse case. In Experiment 2, during the color-salient training, T2 was always identical to T1, corresponding to RB, and we investigated whether that affected AB.
Method
Participants
Eight students at Hallym University participated in this experiment in exchange for monetary compensation. All the participants had normal or corrected-to-normal visual acuity and normal color vision. All of the participants were naïve to the purpose of the study and signed a consent form approved by the Internal Review Board of Hallym University.
Apparatus
The experiment was constructed using the Psychophysics Toolbox (Brainard, 1997; Pelli, 1997) for MATLAB (MathWorks, Natick, MA) on a 2.26 GHz Mac Mini computer. All displays were presented on a 24-in. LCD monitor with a resolution of 1920 Â 1080 pixels and a refresh rate of 60 Hz. Participants were positioned approximately 56 cm from the monitor so that the display subtended a visual angle of 52°by 29°. The experiment was conducted in a darkened room.
Stimulus and procedure
All stimuli and procedures in Experiment 2 were identical to those in Experiment 1, with the exception that, during the colorsalient training, the color-salient T2 was always identical to T1, corresponding to RB (Fig. 3a) : in all trials of the training, two identical targets were presented, but T2 at Lag 2 had a salient color.
Results
Accuracy of performance (T2|T1)
The conditional percentages for correctly identifying T2 given the correct identification of T1 (T2|T1) are shown in Fig. 3b (F(1, 7) = .109, p = .751, g 2 p = .02). Unlike in Experiment 1, the interaction among all three factors was not significant (F(1, 7) = 1.357, p = .282, g 2 p = .16), implying that the color-salient training with a repeated T2 evokes similar learning effects on both AB and RB tasks.
AB was attenuated after training. In the nonrepetition condition where T2 was not identical to T1, the identification performance of T2 at a short SOA (51.7%) was significantly worse than that of T2 at a long SOA (81.3%) before the training (t(7) = 6.546, p < .001, d = 2.32). However, this difference disappeared after the training (67.6% with a short SOA and 79.5% with a long SOA; t(7) = 2.170, p = .067, d = .73).
As in Experiment 1, RB was still observed after training. When T2 was identical to T1 (the repetition condition), significant differences of performance between SOAs were observed both in the pre-test (16.2% in the short-SOA condition and 72.2% in the long-SOA condition; t(7) = 7.123, p < .001, d = 2.58) and in the post-test (37.1% in the short-SOA condition and 69.5% in the long-SOA condition; t(7) = 5.740, p < .001, d = 1.04). However, the performance of the short-SOA condition in the post-test was significantly better than in the pre-test (t(7) = 3.124, p = .016, d = .89). This result demonstrated that the color-salient training with repeated T2 evoked a learning effect on RB, although it failed to remove RB.
Comparison between Experiment 1 and 2
Whereas the color-salient training with a nonrepeated T2 attenuated not RB but AB in Experiment 1, the result of Experiment 2 showed that the color-salient training with a repeated T2 evoked the learning effect on both RB and AB. In order to confirm this asymmetry in the transfer of the training effect between the two experiments, we directly compared the learning effects on AB and RB across two experiments. Both AB and RB was measured with the performance differences between the short-and the long-SOA conditions, and the learning effects of the training were determined by the amount of decrease in AB or RB induced by the training, which was subtraction of the performance differences between the short-and the long-SOA conditions in the pre-test from ones in the post-test. 
Frequency of T2 report
The conditional percentages of frequency at which participants reported T2 when T1 was successfully identified (T2|T1), is given in Table 2 . A two-way repeated measures ANOVA (with SOA and training) revealed a significant main effect of SOA (F(1, 7) = 76.923, p < .001, g 2 p = .92), and a significant interaction between SOA and training (F(1, 7) = 18.114, p = .003, g 2 p = .72), whereas there was no significant main effect of training (F(1, 7) = 0.864, p = .384, g 2 p = .11). Regardless of its correctness, participants reported T2 more frequently for a repeated T2 with 3 In all conditions, T1 performance was also very high: 90.6% (pre-test) and 93.4% (post-test) at short-SOA with a nonrepeated T2, 95.9% (pre-test) and 93.4% (post-test) at long-SOA with a nonrepeated T2, 94.7% (pre-test) and 93.4%(post-test) at short-SOA with a repeated T2, and 95.3% (pre-test) and 93.4% (post-test) at long-SOA with a repeated T2. a short SOA in the post-test (49.4%) than in the pre-test (29.7%; t(7) = 3.492, p = .010, d = 1.18).
Discussion
The results of Experiment 2 showed that the color-salient training with a repeated T2, corresponding to RB, induced learning effects on both AB and RB. AB was attenuated, and RB was significantly reduced, although it was still observed after the training. This result seems to be inconsistent with the task specificity. In terms of the task specificity, the training with a repeated T2 should have induced RB attenuation and AB reduction. However, the results of Experiment 2 are unlikely to be related to the task specificity, because the color-salient training with a repeated T2 does not entirely correspond to RB. The repeated T2 always had a different color from T1 during the training. In other words, T2 was not exactly identical to T1. Rather, the training with a repeated T2 may correspond more to AB in that T2 is another item within the same category.
To better understand these results, instead of task-specificity, it would be better to focus on two aspects that can be induced by the color-salient training with a repeated T2. First, employment of a salient color during the training (regardless of the sameness of T1 and T2) would improve the capacity of temporal attention, particularly attentional control, which is responsible for both target selection and distractor neglect. Due to this improved attention, T2 with a short SOA can be easily identified after the training, regardless of whether or not T2 is identical to T1. In addition, the employment of a repeated T2 during the training would improve the capacity of discrimination between two identical targets in RSVP as distinct entities. This improved discriminability might influence the identification of a repeated T2 without a salient color. Thus, AB attenuation can be the result of the former, improved temporal attention, and RB reduction can result from the combination of both improved temporal attention and improved discriminability.
This explanation about the two aspects induced by the training is consistent with the result regarding the numbers of T2 reports. When T2 had a short SOA in the repetition condition, the number of T2 reports increased after the training. This result might be because the accuracy improved after the training. Compared with Experiment 1, however, the amount of increase seems very similar (27.9% in the pre-test and 49.8% in the post-test of Experiment 1; 29.7% in the pre-test and 49.4% in the post-test of Experiment 2). Based on the two aspects of the training we mentioned above, it seems that improved attention helps participants to notice the existence of T2, as in Experiment 1. In addition, the improved ability to discriminate between two identical targets helps participants to report T2 more correctly, unlike the results of Experiment 1.
General discussion
In the current study, we examined whether the effects of the color-salient training can be transferred from one task to another, by investigating two phenomena that seem similar but obviously different each other, AB and RB. When T2 was not identical to T1 during the color-salient training (corresponding to AB), the training effect did not transfer to RB. However, when T2 was identical to T1 (although their colors were different), which is similar to RB, the training effect was observed on both AB and RB.
Asymmetry in the transfer of the color-salient training effect
The results of the current study seem to show that the colorsalient training with AB cannot influence RB, whereas the training with RB can attenuate AB. However, as we mentioned above, the color-salient training with a repeated T2 does not entirely correspond to RB because the repeated T2 had a different color from T1. Rather, it seems more similar to AB.
Thus, we should focus more on the effects of the color-salient training with a repeated T2 than on the transfer of the learning effect in Experiment 2. As we mentioned in the discussion section on Experiment 2 (the Section 3.3), the color-salient training with a repeated T2 would induce two kinds of learning: (1) improved temporal attention induced by the employment of the salient color and (2) improved discrimination between identical targets induced by the employment of a repeated T2. Whereas AB attenuation is due to the former, RB reduction is related to both.
This result implies dissociation between AB and RB by demonstrating that a reduction of RB requires additional learning in comparison to the attenuation of AB. It is consistent with Chun's (1997) suggestion that RB represents additional failure compared to AB.
Perceptual RB and attentional AB
The current study provides not only additional evidence about dissociation between AB and RB but also implications for a hypothesis based on a previous study of the color-salient training (Choi et al., 2012) . Regarding differences between AB and RB, a number of recent studies have focused on the perceptual nature of RB. A previous study suggested that, unlike AB, RB is not related to central resource limitations (Dux & MaRois, 2007) . Another study proposed that RB is largely a perceptual deficit, although it did not deny the effects of post-perceptual factors, such as memory or response bias (Koivisto & Revonsuo, 2008) .
The results of the current study seem consistent with this perspective of attentional AB and perceptual RB. The reduction of RB occurred not when a nonrepeated T2 was employed during the color-salient training but when a repeated T2 (with a different color) was employed, whereas the attenuation of AB was achieved in both cases. This implies that, because the color-salient training improves temporal attention, it can attenuate AB, which is considered to reflect the limitation of attentional resources, regardless of whether or not two targets were identical during the training. In contrast, the reduction of RB requires more perceptual training, such as practice of discrimination between two identical (or similar) targets. This view is consistent with our previous study, which suggested that color-salient training influences the attentional control mechanism rather than the perceptual system (Choi et al., 2012) .
Improved attention versus temporal expectation
One of the basic assumptions underlying the effects of the color-salient training is that the color-salient training causes increased visual capacity through improvement in the attentional control mechanism. However, a recent study argued that the effects of the color-salient training are not due to improvement of attentional control but rather are due to the creation of temporal expectation (Tang, Badcock, & Visser, 2013) . The study suggested that, because T2 was always presented at the same serial position during the training, it would cause a temporal expectation about when T2 would appear. Although the current study did not cover the issue about what is the underlying mechanism of the colorsalient training effect, it would be an interesting topic for the future study.
The learning effect and performance during the color-salient training
The results of Experiment 2 showed that AB was attenuated after two days of the color-salient training in which a color-salient T2 was identical to T1. In the nonrepetition condition (corresponding to AB) of the post-test, the performance difference between the short-SOA condition and the long-SOA condition was not significant; it was marginal (t(7) = 2.170, p = .067, d = .73). Relatively to other previous results such as in Experiment 1 (t(11) = 0.539, p = .599, d = .22), the learning effect of the color-salient training with a repeated T2 seems not as good as the training with a nonrepeated T2.
Based on this relatively weak learning effect, some may insist that the result is due to a kind of task specificity. The color-salient training with a repeated T2 corresponds to a task related to RB, so the training effect does not transfer fully to another task related to AB. As we mentioned before, however, the color-salient training with a repeated T2 does not exactly correspond to RB because T2's color is different from that of T1. In this respect, it may be more similar to AB than to RB. This weak learning effect seems to be due to relatively low performance during the training. In Experiment 2, participants identified a color-salient T2 less successfully (on average, 44.6%accuracy) than in Experiment 1 (on average, 82.9%). A number of studies have suggested that successful performance of a task may work as an internal reward, which facilitates the learning effect (Herzog & Fahle, 1999; Seitz & Watanabe, 2005) . As we mentioned earlier, the discrimination of two identical targets as two separate targets is another task from the discrimination between targets and distractors, and the former is related to additional deficits (Chun, 1997) . Thus, the difference in difficulties of the tasks during the training causes the difference in the magnitudes of the learning effect.
For the learning effect on RB, the training method of the current study is not appropriate for RB attenuation because the color-salient T2 was not identical to T1. Thus, it would be interesting if future research could develop other methods to demonstrate that a repeated T2 can be salient while its visual aspects can be identical to those of T1.
Conclusions
The current study explored whether the effects of the color-salient training can be transferred from one task to another. The colorsalient training with a nonrepeated T2 (which corresponds to AB) failed to remove RB while AB was successfully removed, whereas the color-salient training with a repeated T2 (which is similar to RB) succeeded in both AB attenuation and RB reduction. These results offer further evidence for dissociation between AB and RB and are consistent with the hypothesis that the color-salient training improves the attentional control mechanism related to target-distractor discrimination rather than to the perceptual system.
